Abstract: Volatile organic compounds (VOCs) can have an important influence on plant-insect interactions. In particular, insect behaviors are often influenced by the volatiles of both host plants and non-host plants. The objective of this study was to assess the behavioral responses of the aphid, Myzus persicae (Sulzer) to the volatiles of the woody perennial herb Rosemary ( Rosmarinus officinalis, family Lamiaceae). Our studies using a range doses of plants have shown that, at all of the different doses tested except the weight of rosemary was 0.5 g, volatiles emitted from rosemary plants showed repellent effects on M. persicae. These findings provide new insights into the interactions between R. officinalis plants and M. persicae, which will contribute to the development of new management strategies for biological control of insect pests
Introduction
Plants naturally not only literally building forests from gases taken from the air but also releasing complex bouquets of volatile organic compounds (VOCs) back into the air, These chemical signatures can be used by predators to locate their prey or hosts [1] .Thus, VOCs can have an important influence on plant-insect interactions. For example, host plant volatiles can regulate insect behaviors [2, 3] . The volatiles of maize (Zea mays L.) are attractive to Western corn rootworm adults (Diabrotica virgifera) [4] , and the odour of oilseed rape (Brassica napus) attracts cabbage seed weevils (Ceutorhynchus assimilis) [5] . Moreover, non-host plants volatiles also can influence insect behaviors [6] ; Cymbopogon citrates, a plant with known repellent activity, has a repellent effect against mosquitos [7] , as do volatiles of the neem tree [8, 9] . Thus, intercropping of host plants with non-host plants can be used, so that the VOCs of non-host plants disrupt the ability of pest insects to find host plants. This may be an effective means of biological control of insect pests. The aphid, Myzus persicae (Sulzer), is one of the main pests that feed on the leaves of peach (Prunus persica) trees, cabbage (Brassica oleracea L.) or tobacco (Nicotina tabacum) and other plants, to the extent that its aggregative behaviors can seriously reduce the yield and quality of peaches or tobacco or other vegetables. Although chemical control is effective, overreliance on this method carries health and environmental risks associated with the residues that remain on plant leaves, along with the resistance that herbivores may develop, which in turn may lead to the resurgence of primary pests and outbreaks of secondary pests [10] . Therefore, it is prudent to explore alternatives to chemical control to improve the sustainability of pest management [11] . Methods that alter herbivore behavior or manipulate populations of natural enemies have been recognized as potential alternative tools for the control of insect pest populations [12] .
Field observations have indicated that rosemary (Rosmarinus officinalis, Lamiaceae), a natural aromatic crop that originated in the Mediterranean, is never damaged by aphids. We hypothesized that the volatile compounds present in rosemary may have repellent effects to vegetable aphids. Some studies have shown that rosemary essential oil has insecticidal properties [13, 14] . Isman et al. [13] studied the insecticidal effects of rosemary oils on larvae of the moths Pseudaletia unipuncta and Trichoplusia ni in relation to the oils' chemical compositions. Hori et al. [14] found that rosemary oil as well as thyme oil strongly repelled the aphid Myzus persicae (Sulzer), and rosemary oil has been shown to repel other aphid species such as Aphis gossypii Glover, Macrosiphum euphorbiae [15] ,
and Neotox-optera formosana [16, 17] . However, the role of rosemary volatiles in mediating interactions between rosemary plants and aphids that feed on crops, has not been investigated. The main objective of this study was to test whether rosemary volatiles have repellent effects on aphids that feed on crops. Confirmation of such properties would provide a useful basis for the development of intercropping methods with rosemary, in order to reduce damage caused by aphids to peach trees and other plants.
Materials and Methods
Plants Rosemary plants were reared in plastic pots (11 cm diameter, 9 cm height) in a climate-controlled greenhouse room (25°C, 70% RH, L16 : D8) and watered every three days in the morning. No fertilizers were applied. Insects The ablate adult aphids (M. persicae) were originally collected from infested tobacco, at the Yunnan Agricultural University, Kunming, China. They were all reared on potted tobacco (at the stage with 5-12 true leaves) in well ventilated plastic cages (50 × 50 × 50 cm3) kept in separate greenhouse chambers at 22 ± 2°C, 50%-72% RH, and a photoperiod of 16:8 L:D.
Y-tube Olfactometer Bioassay Behavioral responses of the aphids to rosemary volatiles were investigated with a glass Y-tube olfactometer (1 cm in diameter, 10 cm stem and 10 cm arms, set at a 75° inner angle). Air was pumped through an activated charcoal filter to remove any contaminating odors and a humidifier was used to humidify the air, divided by a glass Y-junction. The two airflows then passed through two separate flow meters, which regulated the flow rate to 133 mL/min. The air passed into two glass cylinders (11 × 19 cm 2 ) with quick fit lids, into which the volatile sources were placed. From there, the air from the glass cylinder flowed into the arms of the olfactometer. All tests were conducted in a climate room (25±1°C, 50-70% RH) under a 55-W fluorescent lamp that emitted daylight wavelengths, fitted with a prismatic filter to ensure a completely even distribution of light. This illuminated the Y-tube with a light intensity of 865 lx. For each of the bioassays, 50 adult aphids were tested following established protocols [18] . The aphids were introduced individually into the entry arm. Timing started when the individual reached
Advances in Engineering Research, volume 120
the beginning line (3 cm from the stem inlet), and we then began to observe their choices in the Y-tube Olfactometer. The observation period ended when the individual reached the finish line (7 cm from the Y-junction) of one of the olfactometer arms, with a maximum observation duration of 5 min per test. Individuals that did not choose a side within 5 min were recorded as "no choice".
After five insects had been tested, the Y-tube was cleaned with alcohol (75%) and distilled water, left to dry, and subsequently the odor sources were switched between the left and right side arms to minimize any spatial effect on choices. Each individual was tested only once. Ten different aphids were used for each replication and five replications were carried out for each treatment.
The experiment was conducted, to examine the response of M. persicae to odors emitted from rosemary volatiles versus clean air. Five different masses of aerial parts of rosemary plants were established as five treatments respectively, with five replicates were carried out for each treatment. About 1 hour after taking the five different masses of aerial parts, we placed the aerial parts of rosemary in the glass cylinder respectively, to minimize any mechanical damage to the odor sources.
Statistical Analysis For the bioassays with Y-tube olfactometer, Chi-square tests were used to test the hypothesis that the distribution of side-arm choices between pairs of volatiles deviated from the null model that volatile sources were chosen with equal frequency. Independent-sample t-tests were used to assess significant differences between the mean time that was required for individual aphids to make a choice between different volatiles. All the data were analyzed with statistical package SPSS 17.0.
Results

Response of ablate adult aphids to volatiles of Rosemary
The results from the olfactometer experiment that investigated insect responses to rosemary volatiles versus clean air showed that aphids were significantly repelled by odors emitted from rosemary at different doses (p＜0.05), (above set) except when the weight of rosemary was 0.5 g. M. persicae did not exhibit significantly preference between volatiles from 0.5 g rosemary and clean air (χ 2 = 2.00, p=0.157>0.05) (Fig.1 ).
There was no significant difference in choice time for the odour sources (i.e., rosemary versus blank treatment), except when the mass of rosemary was 4.0 g (above set doses) (p ＜ 0.05) (Fig.  2) . When the pair of odors included 4.0 g of rosemary versus the blank treatment, aphids speed of movement toward the blank treatment was significantly faster than toward the odors of the rosemary (t = 2.21, p = 0.032 ＜ 0.05) (Fig.2) . 
Discussion
It is well documented that insect behavior is guided by plant physical cues, such as color and shape, along with short-range chemical cues, such volatile organic compounds of plants, or some secretions produced by insects [19] [20] [21] . Our study indicates that the behavior of M. persicae was influenced by the volatiles of rosemary. M. persicae was repelled by all five doses of rosemary volatiles. These findings suggest that the rosemary volatiles represent a chemical cue that influences the behavior of M. persicae, although rosemary is not their host plant. These volatiles may contain some compounds that repel aphids that feed on peach or tobacco or other plants leaves. In addition, in another olfactometer study, the odour of volatiles from the host plant cabbage attracted M. persicae [6] , whereas our study indicates that the odour of rosemary volatiles was significantly repellent to M. persicae. So, cabbage or peach trees have potential for use in intercropping with rosemary plants, so that the volatiles of rosemary plants may disrupt host finding by aphids. In this way, it may be possible to use non-host plants volatiles to mediate the location of aphids. If successful in the field, such a system could be valuable for reducing the need for chemical applications, and ultimately result in economic benefits to farmers.
